Purpose Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used to treat pain, inflammation, and fever in the USA. Unfortunately, NSAIDs have been associated with an increased risk of adverse cardiovascular events, especially among NSAID users with established cardiovascular disease (CVD). In 2005, the Food and Drug Administration (FDA) released an initial warning regarding NSAID use and CVD risk, and recently, in July 2015, released an updated statement strengthening this initial warning. The purpose of this study is to evaluate the rates of NSAID use among patients with CVD following the 2005 FDA warning regarding NSAID use and increased CVD risk. Methods This was a retrospective, cross-sectional study of participants from the National Health and Nutrition Examination Survey, 2009-2010. Participants' CVD status was determined by self-reported diagnosis. Current use of over the counter (OTC) NSAIDs was defined by self-reported use of ibuprofen or naproxen, and we identified the current use of prescription NSAIDs in the database of prescription medication. Results Respondents with CVD were 2.1 times more likely to use OTC NSAIDs or prescription NSAIDs than respondents without CVD. Among CVD patients, respondents with angina and myocardial infarction were 60% more likely to use any form of NSAID, and respondents with congestive heart failure were less likely to use any form of NSAID than those with other forms of CVD.
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used to treat pain, inflammation, and fever in the USA [1] . NSAIDs are widely available in over-the-counter (OTC) and prescription products. While effective for many indications, NSAIDs also carry risks associated with use, including gastrointestinal bleeding, hepatotoxicity, renal dysfunction, and cardiovascular disease (CVD) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The risk of CVD is increased in patients with existing CVD including myocardial infarction (MI), unstable angina, heart failure, stroke, and peripheral vascular disease [9, [12] [13] [14] [15] . Patients with established CVD may be unaware that NSAIDs should be avoided. Additionally, this subset of patients is more likely to use NSAIDs due to advanced age and multiple comorbid conditions.
NSAIDs have been shown to increase the risk of CVD in the general population and also in patients with established CVD. One potential mechanism might be NSAID-induced increased blood pressure in both normotensive and hypertensive patients [16, 17] . Additionally, NSAIDs inhibit cyclo-oxygenase (COX) throughout the body. COX and its products have a role in regulation of platelet activity and endothelial cells. Through COX suppression, cardiac smooth muscle cells may not relax and platelet aggregation is uninhibited [16] . Furthermore, NSAIDs can interfere with aspirin activity and decrease aspirin's beneficial effects for primary and secondary prevention of CVD [18] [19] [20] . While unclear, NSAIDs might also compete with aspirin for a common platelet binding site on COX-1, leading to increased platelet aggregation [21] .
In 2005, the Food and Drug Administration (FDA) asked manufacturers of all prescription and OTC NSAIDs to revise labeling to include a boxed warning about the potential increased risk of CVD. Recently, in July 2015, the FDA issued an updated statement strengthening their previous 2005 warning [22] . This new warning was the result of FDA review of numerous clinical trials and safety data that emerged after 2005, leading to a revised prescription NSAID label that would more accurately reflect the risks of prescription NSAID use, particularly among patients with established CVD. The purpose of this study was to evaluate the rates of NSAID use among patients with CVD following the 2005 FDA warning regarding NSAID use and increased CVD risk.
Methods

Study Population
This was a retrospective, cross-sectional study of participants from the National Health and Nutrition Examination Survey (NHANES) 2009-2010. The NHANES is a series of complex and multistage surveys, which has been conducted regularly since the early 1960s by the Centers for Disease Control and Prevention (CDC) for the purpose of assessing the health and nutritional status of non-institutionalized US civilian residents. Participants aged 20-69 years who were not pregnant at the time of the NHANES 2009-2010 survey were eligible for inclusion. We analyzed survey data from the NHANES 2009-2010 survey only, as this is the most recent survey year to record data on OTC NSAID use.
Demographic Characteristics
Demographic characteristics including age, gender, race, and education level were obtained to evaluate the basic information of the study respondents.
Cardiovascular Disease (CVD)
Participants' CVD status was determined by self-reported diagnosis of at least one of the five following CVD subtypes: congestive heart failure (CHF), coronary artery disease (CAD), angina, MI, and stroke. The presence of CVD was defined by self-reported positive selection (yes or no) for at least one of these conditions, and CVD respondents could belong to more than one CVD subtype group.
Nonsteroidal Anti-Inflammatory Drug (NSAID) Use
OTC NSAID use was defined by self-reported use of ibuprofen or naproxen. We identified prescription NSAID users in the database of prescription medication, and 30 medications were included in the list of prescription NSAIDs ( Table 1) . As shown, aspirin and acetaminophen were excluded from the list of NSAIDs. Respondents who reported use of at least one prescription NSAID, regardless of duration of use, were identified as prescription NSAID users. The duration of prescription NSAID use was recorded for each prescription NSAID, and maximum duration of NSAID use of 1 year or longer was considered long-term use. For respondents using more than one prescription NSAID, we used the longest duration of use among the list of prescription NSAIDs to determine long-term use.
Statistical Analysis
Statistical analysis software (SAS version 9.3, 2012, SAS institute Inc., Cary, NC, USA) was used for all statistical analyses, and statistical significance was set at p \ 0.05. Unweighted demographic characteristics and NSAID use were calculated. The differences between respondent characteristics and NSAID use were compared using Chisquare analysis. To account for the complex survey design (including oversampling), survey nonresponse, and poststratification, all comparisons were weighted using the 2-year interview sample weights provided by the CDC. To adjust for the effects of the demographic covariates, logistic regression was performed to further examine the relationship between current NSAID use and the status of CVD.
Results
Sample Characteristics
Based on the inclusion criteria, a total of 5058 respondents [330 (6.5%) with CVD and 4728 (93.5%) without CVD]
were included in this study. The demographic characteristics of respondents are summarized in Table 2 . Respondents with CVD (mean age 57 ± 10 years) were significantly older than respondents free of CVD (mean age 43 ± 14 years) (p \ 0.001). There was also a significantly higher proportion of males in the CVD group than in those free of CVD (p \ 0.001). Further, there was a slight group difference in the racial profile of respondents, as there was a significantly greater number of Hispanic participants represented in the CVD group (p = 0.003). Lastly, there were significantly more respondents that did not complete high school in the CVD group compared with the non-CVD group (p \ 0.001).
NSAID Use Between Respondents with or Without CVD
As shown in Table 3 , among the sample population of 5058 respondents, the total rate of NSAID use (any form) was nearly 25%. Of this population of total NSAID users, 89% reported OTC NSAID use, 21% reported prescription NSAID use, and 10% reported concurrent use of OTC and prescription NSAIDs. Further, of the total population using prescription NSAIDs, 54% reported using at least prescription NSAID for a duration of 1 year or longer (Table 3) . Reported total NSAID use was significantly higher in the CVD group (43%) than in the non-CVD group (24%) (p\0.001). Further, respondents with CVD were 2.1 times more likely to use any form of NSAID than respondents without CVD (Table 4) . Both reported OTC NSAID use (38%; p \ 0.001) and prescription NSAID use (10%; p \ 0.001) were significantly higher among respondents with CVD compared with those without CVD (22 and 4%, respectively) ( Table 3) . Respondents with CVD were 2.1 times more likely to use OTC NSAIDs and 2.1 times more likely to use prescription NSAIDs than respondents without CVD (Table 4) . Similarly, concurrent OTC and prescription NSAID use was significantly higher in the CVD group (6%) compared with those without CVD (2%) (p \ 0.001) ( Table 3) . Lastly, all of these differences in NSAID use between the CVD and non-CVD groups remain significant following logistic regression analysis controlling for age, sex, race, and education (p \ 0.001). In the respondents who reported prescription NSAID use, there was no significant difference in the number of respondents who used at least one prescription NSAID for a duration greater than 1 year between respondents with CVD (54%) and without CVD (46%) (p = 0.64) ( Table 3 ).
NSAID Use Among CVD Subtypes
Next, we examined reported NSAID use among the CVD group alone, comparing NSAID use among the different NSAID use categories: total NSAID = prescription or OTC NSAID use; OTC NSAID = OTC NSAID use; prescription NSAID = prescription NSAID use; concurrent OTC and prescription NSAID = both OTC and prescription NSAID use CAD coronary artery disease, CHF congestive heart failure, CI confidence interval, CVD cardiovascular disease, MI myocardial infarction, NSAID nonsteroidal anti-inflammatory drug, OR odds ratio, OTC over-the-counter a OR from logistic regression analysis, testing the association between NSAID use and CVD status and CVD subtype controlling for sociodemographic characteristics CVD subtypes. The self-reported prevalence rates of each CVD subtype among respondents with CVD were as follows: 2.4% CHF, 36% CAD, 24% angina, 42% MI, and 35% stroke (not shown). (Table 4) . Respondents with MI are 60% more likely and respondents with angina are 40% more likely to use OTC NSAIDs than respondents with other forms of CVD (Table 4) . Respondents with CHF were less likely to use any form of NSAID than those with other forms of CVD (Table 4 ).
Discussion
The purpose of this study was to evaluate the rates of NSAID use among patients with CVD following the 2005 FDA warning regarding NSAID use and increased CVD risk. Here, we have shown that according to 2009-2010 NHANES data, rates of NSAID use are higher among patients with CVD than those without. CVD patients are more likely to use both prescription and OTC NSAIDs than those without CVD, and 66% of CVD patients reported using at least one prescription NSAID for 1 year or longer. Lastly, among CVD subtypes, total NSAID use was highest among patients with angina and lowest among patients with stroke. There has been ample evidence to support the association of increased risk of CVD and NSAID use, especially among individuals with pre-existing CVD [22] , despite the fact that the definite physiological mechanisms by which NSAID drugs may trigger a cardiovascular event remain elusive [22] . There have been few studies examining the overall rates of NSAID use in the USA following the initial FDA warning in 2005, and none that have provided an estimated rate of NSAID use among patients with pre-existing CVD. One 2012 study showed that the rate of potentially inappropriate medication prescriptions, which include NSAIDs, has decreased from 45.5% in 2006-2007 to 40.8% in 2009-2010 [23] . Further, prevalence of NSAID prescriptions showed the largest decline compared with other drug categories [23] . While this may indicate that prescribers and patients heeded the initial 2005 FDA warning, our results indicate that there is still a large proportion of CVD patients using NSAIDs. Considering the updated statement in July 2015 strengthening the previous warning regarding NSAIDs, it will be important to provide a rate of NSAID use prior to this updated statement. Based on 2009-2010 NHANES data, we have shown that roughly 25% of the overall population and 43% of the CVD populations are using a form of NSAID. While the rate in the overall population may not be troubling to some, the high prevalence of NSAID use in CVD patients must be addressed.
Limitations
Our study has several limitations that need to be addressed. First, despite the use of the large NHANES database, the number of responders with CVD was remarkably low at 330 respondents. Thus, while NHANES is conducted to obtain responses from a random population sample representative of the US population as a whole, the rates we described in this study may not be applicable to the US population as a whole. 
Future Directions
Our study has provided a reference point, as well as raised several important clinical questions that may be addressed in future research. First, future studies with a larger sample of CVD patients may help answer more specific questions regarding NSAID use in this population. Future studies will be crucial to address the types of NSAIDs that are commonly used among CVD patients, as well as the different rates of NSAID use among those with different CVD subtypes and duration of CVD. Based upon these results, it will be vital to determine the reasons why NSAID use remains high in patients with CVD and if there are specific CVD patients in whom the benefits of NSAID use outweigh the increased risk of a CV event. For example, given the recent 2015 FDA warning, it will be interesting to measure the change in the prevalence of NSAID use prior to 2015 and after 2015. Lastly, it is also important to reinforce strategies, to both clinicians and patients, that can be used to reduce NSAID reliance altogether and improve safety if NSAID use is warranted, such as prescribing NSAIDs at the lowest effective dose, only prescribing one NSAID at a time, limiting the duration of NSAID use, or using alternative medications, such as acetaminophen. Because the NHANES 2016-2017 national data will not be made publicly available for several years, it may be timelier to conduct smaller scale studies to measure the rate of NSAID use in the overall and CVD population. We are currently conducting a study among family medicine clinics in West Virginia to address the limitations in this study and target the mentioned future directions.
